IMPORTANCE Intracerebral hemorrhage (ICH) is the most severe form of stroke. Survivors are at high risk of recurrence, death, and worsening functional disability.
ICH is generally more severe than the preceding ICH. Improving secondary prevention of ICH is therefore vital.
Control of elevated blood pressure (BP) is the cornerstone of secondary prevention of recurrent nonlobar ICH, but there are few data to inform the optimal degree of BP reduction. The role of BP control in lobar ICH, on the other hand, remains poorly defined. 4 Preliminary evidence from secondary analyses of the Perindopril Protection Against Recurrent Stroke Study (PROGRESS) suggests that BP lowering reduces incidence of lobar as well as nonlobar ICH, but the limited sample size yielded large confidence intervals for observed effects. [5] [6] [7] Blood pressure reduction in the elderly, the population most at risk for ICH, may not be without risk. Concerns remain that excessive reduction may be associated with increased risk of ischemic stroke and other complications. On the other hand, the hypothesis that benefit of BP reduction for recurrent ICH is dose-dependent has not been fully tested. Given the high rates of morbidity and mortality associated with ICH and its recurrence, testing this hypothesis was a high priority. We therefore sought to determine whether BP reduction and control are associated with risk of recurrence of lobar or nonlobar ICH in a single-center, longitudinal cohort of survivors of ICH.
Methods

Patient Recruitment and Baseline Data Collection
Participants were enrolled in an ongoing single-center longitudinal cohort study of ICH as previously described. 3 Participants were recruited among consecutive patients aged 18 years or older, admitted to Massachusetts General Hospital from July 1994 to December 2011 with acute ICH (onset of symptoms <24 hours prior to presentation) confirmed by computed tomography scan. Patients with hemorrhage resulting from trauma, conversion of an ischemic infarct, rupture of a vascular malformation or aneurysm, or brain tumor were excluded. In light of known ethnic and racial variations in hypertension incidence and severity, participants were asked at enrollment to self-identify race and ethnicity, choosing from the options recommended by the Office for Management and Budget and the National Institutes of Health for use in research studies. 8 ICH location was assigned at the time of the incident ICH by study investigators blinded to clinical information. Lobar ICH was defined as selective involvement of cerebral cortex, underlying white matter, or both; nonlobar ICH was defined as selective involvement of thalami, basal ganglia, or brainstem. In accordance with previously published methods, individuals with cerebellar ICH were excluded from analysis given that both arteriolosclerosis and CAA are found at this location. 3, 9 Pre-ICH baseline data were prospectively collected by trained study staff via in-person interview at time of enrollment and included demographic information, medical history, and pre-ICH drug exposure. The study protocol was approved by the Massachusetts General Hospital institutional review board. Written informed consent was obtained from all study participants or their surrogates.
Longitudinal Follow-up ICH survivors or their caregivers were contacted and interviewed by dedicated study staff at 3, 6, 9, and 12 months after index ICH and every 6 months thereafter, based on established protocols. 3 Investigators inquired about and collected imaging and medical records pertaining to ICH recurrence, death, and medication use and dosing. They also inquired about most recent ambulatory BP measurement obtained in a medical setting by medical personnel (no inquiry was made about home or self-obtained BP measurements). If patients were unable to provide exact BP measurements, medical records for reported encounters falling within the follow-up period were obtained via (1) manual review of longitudinal electronic medical records (EMRs) at Massachusetts General Hospital (including primary care, specialty outpatient, and inpatient records) and affiliated hospitals and (2) patientprovided external medical records. We prespecified data capture targets of 1 or more blood pressure measurements per 6-month period (including both telephone-based and EMRbased data). EMR review was also used to obtain and confirm detailed information on medication use and interval clinical history. Discrepancies between telephone-collected and EMR-collected medication exposure data resulted in removal of 15 patients from the present study ( Figure 1) ; their removal did not alter results substantially (eTable 3 in the Supplement). If the patient or caregiver reported death, new neurologic symptoms, ischemic stroke, or ICH or hospital admission, the relevant medical records and radiographic images were reviewed by study investigators blinded to other clinical data. We also queried the Social Security Death Index national database as an alternative way of identifying deaths among ICH survivors. Participants' data were censored in case of (1) recurrent ICH confirmed by neuroimaging; (2) death; or (3) loss to follow-up.
Statistical Methods
Age at index ICH was analyzed as a continuous variable. Race/ethnicity was analyzed as a categorical variable using white patients as reference (owing to their numerical preponderance). Educational level was dichotomized using a cutoff of 10 or more years of education. To ascertain the association between BP and risk of ICH recurrence we generated and analyzed 4 time-varying exposures: (1) a dichotomous variable based on whether participants achieved BP goals recommended by the American Heart Association/American Stroke Association (AHA/ASA) for post-ICH secondary prevention ; (2) hypertension stages as defined by the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure 7 (JNC 7) criteria 10 ; (3) systolic BP as a continuous variable; and (4) diastolic BP as a continuous variable. For all BP variables described, patients were assigned the single available value within each 3-month period during the first year of follow-up (months 3-6, 7-9, and 10-12 after index ICH) and for each 6-month period thereafter (months 13-18, 19-24, 25-30, etc, after index ICH) at all ICH recurrence times within that same time window. BP data capture and analysis are further illustrated in the eFigure in the Supplement.
We computed event rates for ICH recurrence per 1000 person-years using the following approach. Patients contributed time at risk to the adequate vs inadequate BP control groups within each 6-month follow-up period based on corresponding BP measurements. Events were assigned to the adequate vs inadequate BP control group based on last available systolic and diastolic BP values. Rates were calculated as ratio of number of events over time spent at risk in each BP control group.
Categorical variables were compared using Fisher exact test (2-tailed) and continuous variables using the Mann-Whitney 
Results
Study Participants and ICH Recurrence Rates
A total of 2278 patients were screened for enrollment ( Figure 1 ). Patients who declined consent for study participation (n = 81), survived fewer than 90 days after index ICH (n = 834), or were lost to follow-up within the first 24 months (n = 32) were excluded from all analyses. A total of 49 participants were missing BP measurements for 1 or more 6-month periods ( Figure 1 ) and were removed from all analyses; their forced reintroduction did not alter results substantially (eTable 1 in the Supplement). A total of 893 of 1145 study participants (78%) had 100% of BP measurements captured via medical records. Multivariable analyses of BP with recurrent ICH restricted to these patients are presented in eTable 2 in the Supplement.
A total of 1145 patients (505 survivors of lobar ICH and 640 survivors of nonlobar ICH) ( Table 1) were therefore included in our analyses having presented within the prespecified study enrollment period, survived at least 90 days, and met criteria for data availability during follow-up ( Figure 1 . Recurrent lobar ICH in survivors of nonlobar ICH (n = 2) was considered qualifying for censoring (jointly with n = 42 recurrent nonlobar ICH events). Rate of recurrent ICH among survivors of lobar ICH (7.8%) exceeded the rate among survivors of nonlobar ICH (3.2%) (P < .001). 3 
Blood Pressure During Follow-up
Systolic and diastolic BP during follow-up and hypertension severity over time after index ICH are reported in Table 2 . During the follow-up period, adequate BP control (defined by AHA/ASA guidelines) was achieved on at least 1 measurement by 54.6% (range, 49.2%-58.7%) of patients during followup, and consistently (ie, at all available time points) by 43.2% of patients (range, 34.5%-51.0%). Rates of ever and consistently adequate BP control did not differ when comparing survivors of lobar and nonlobar ICH (P > .20 for both). We found no association between duration of antihypertensive agent use, number of antihypertensive medications used, or both and ICH recurrence (either lobar or nonlobar, P > .20 for all). We also identified no association between specific antihypertensive drug classes (Table 1) and ICH recurrence (either lobar or nonlobar, P > .20 for all).
Recurrent Lobar ICH
Factors associated with recurrent lobar ICH in bivariable analysis included time-varying inadequate BP control as defined above (P = .005) ( Table 3) . For lobar ICH, calculated event rates were 84 per 1000 person-years among patients with inadequate BP control and 49 per 1000 person-years among those with adequate BP control. Multivariable Cox modeling (Table 3) confirmed associations between BP control and recurrent lobar ICH (HR, 3.53 [95% CI, 1.65-7.54]; P < .001). Similar multivariable Cox regression models (including as covariates preenrollment ICH, antiplatelet agents use, warfarin exposure, race/ ethnicity, and education data) were constructed to explore whether a dose-dependent relationship exists between hypertension severity and recurrent ICH ( Table 4 ). All hypertensive stages above normotension (defined as systolic BP 90-119 mm Hg and diastolic BP 60-79 mm Hg) were associated with increased risk of lobar ICH recurrence (Table 4) after accounting for proportion of time spent at each hypertension stage (P < .05 for all). There was an association between continuous systolic BP and ICH risk, accounting for dynamic changes in BP during follow-up (Table 4) . Estimated yearly risk of lobar ICH recurrence based on mean systolic and diastolic BP are presented in Figure 2A .
Recurrent Nonlobar ICH
Time-varying inadequate BP control was associated with nonlobar ICH recurrence in bivariable analysis (P = .03) ( Table 3) . Nonlobar ICH event rates were 52 per 1000 person-years for inadequate BP control and 27 per 1000 person-years for adequate BP control. In multivariable Cox modeling inadequate BP control was associated with risk of recurrent ICH among sur-current ICH (Table 4) . Prehypertension and hypertension stage 1 were associated with ICH recurrence after accounting for timevarying exposure to each BP level (both P < .05, whereas hypertension stage 2 showed a nonsignificant association with ICH recurrence [P = .06]). Continuous systolic BP and diastolic BP were also associated with ICH recurrence (Table 4 ). Figure 2B presents the estimated yearly risk of recurrence of nonlobar ICH based on systolic and diastolic BP mean values during follow-up.
Discussion
In this single-center observational cohort study, we demonstrated an association between BP and risk of recurrent ICH. This relationship was present for survivors of ICH in either the lobar or nonlobar brain regions. The association between elevated BP and ICH recurrence appeared to become stronger with worsening severity of hypertension (defined through JNC 7 severity stages 10 ). Prehypertensive BP measurements were associated with increased risk of recurrent ICH in our study. These results confirm that ICH survivors are at high risk for recurrence and support the hypothesis that aggressive blood pressure control may reduce this risk substantially.
The role of hypertension in the arteriolosclerosis most commonly found in nonlobar ICH is well documented. 4, 11 As a result, guidelines for secondary ICH prevention place particular emphasis on BP control for patients with radiographic characteristics most suggestive of hypertensive arteriolosclerosis (ie, nonlobar ICH). 4 However, our findings point to an association between BP control and ICH recurrence even in patients more likely to have sustained a CAA-related ICH, raising the hypothesis that the risks of poor BP control after ICH are high, regardless of the location of the original hemorrhage. Based on these findings, future studies exploring the role of BP control in ICH recurrence may benefit from combination of lobar and nonlobar ICH in a single outcome, to maximize statistical power for discovery of relevant associations. We demonstrated an association between hypertension severity and risk of ICH recurrence. Of particular importance, we identified associations between ICH recurrence and prehypertensive BP measurements (ie, systolic BP 120-139 mm Hg and diastolic BP 80-89 mm Hg). Multiple recently published guidelines for outpatient BP control in the general population recommend a For each period during first 5 years of follow-up (specified in months after index ICH), the number of participants remaining in the studies is specified, followed by the number of patients removed from subsequent analyses due to recurrent ICH, non-ICH caused death, and loss to follow-up for reason other than ICH or death. Absence of ICH recurrence events before 3 months and of loss to follow-up before 24 months are directly related to study inclusion criteria. increasing the threshold BP for initiation of antihypertensive therapy in elderly patients. The Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure Guideline 8 (JNC 8) has recommended increasing the systolic BP threshold to higher than 150 mm Hg (compared with >140 mm Hg in the JNC 7 guidelines) for initiating BP-lowering treatment for patients 60 years or older. 12 This recommendation was based on lack of a clearly identified advantageous balance between risks (including incident stroke, cardiovascular disease, and renal failure) and benefits of more aggressive BP control in elderly patients. Our findings suggest that these recommendations may not be applicable to ICH survivors. Indeed, even the more stringent AHA/ASA guidelines may risk causing otherwise preventable hemorrhages. The overall rate of inadequate BP control after ICH among our study participants was high. Fewer than 50% of ICH survivors achieved consistent BP control based on the definition proposed by AHA/ASA guidelines, and only 60% of patients ever achieved recommended systolic or diastolic BP goals. This is consistent with prior studies of effectiveness of BP control after ICH. 13 We identified an inverse association between educational level and risk of recurrence for both lobar and nonlo- Abbreviations: BP, blood pressure; HR, hazard ratio; ICH, intracerebral hemorrhage. a All models adjusted for lobar ICH prior to index event, antiplatelet agent use, warfarin use, and education (<10 y vs Ն10 y). b All models adjusted for nonlobar ICH prior to index event, antiplatelet agent use, warfarin use, ischemic heart disease, African American race, and education (<10 y vs Ն10 y). bar ICH. Given the limitations of our BP capture strategies, these findings are likely to reflect associations between educational achievements and unmeasured BP control via factors such as health literacy and lack of access to, or affordability of, health care because of socioeconomic status. Although clinical trials of aggressive vs conservative BP management in ICH survivors should be planned, more proactive management of BP for ICH survivors according to existing guidelines would substantially reduce the risk of ICH recurrence (and its associated toll in terms of mortality and disability). Our study has several limitations. Because of its singlecenter observational nature, selection and severity bias may be reflected in the characteristics of our study population; our findings will therefore require replication in future studies, as well as extension to different health care settings. The nonstandardized data capture procedures in this study (ie, relying primarily on BP measurements obtained during routine delivery of care) also represent an important limitation. However, lack of standardization likely introduced additional imprecision in the BP exposure data, thus biasing findings toward the null hypothesis rather than risking generation of falsepositive findings. Owing to the observational design of this study, BP management was determined by each patient's individual physician and did not follow prespecified or standardized protocols. We are therefore limited to describing associations between observed BP control and recurrent ICH, rather than being able to establish a definitive causal link. Aggressive BP control has been associated in published studies with increased incidence of syncope and falls, ischemic stroke, incident coronary artery disease, and development or progression of chronic renal failure. [14] [15] [16] [17] [18] We did not capture these end points in our study and cannot therefore directly compare the detrimental effects of their increased incidence with the beneficial effects on reduction of ICH recurrence risk. However, the substantial increase in risk of ICH recurrence, as well as the increased mortality and disability associated with recurrent ICH, are likely to outweigh the decrease in survival rates and quality of life associated with the aforementioned detrimental outcomes of aggressive BP reduction. Indeed, a recently published cost-effectiveness analysis emphasized the greater benefit of BP control (according to JNC 8 guidelines) for individuals with known cardiovascular and cerebrovascular conditions. 19 We also did not evaluate whether BP variability is associated with risk of ICH recurrence. Based on prior evidence implicating BP variability in accumulation of neuroimaging markers of cerebral small-vessel disease, future studies focusing on this specific aspect of BP control may uncover such an association.
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Conclusions
In this observational single-center cohort study of ICH survivors, reported BP measurements suggesting inadequate BP control during follow-up were associated with higher risk of both lobar and nonlobar ICH recurrence. These data suggest that randomized clinical trials are needed to address the benefits and risks of stricter BP control in ICH survivors.
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